BC1 is a small developmentally regulated RNA that is prevalent in nervous tissue. In order to determine if BC1 RNA represents the transcriptional by-product of various repetitive brain identifier (ID) elements or the independent transcript of a single or a few genes, we compared the sequences of a population of cDNA clones derived from in vitro C-tailed BC1 RNA. Each of 10 randomly selected clones revealed a 5' domain that was identical in sequence to the ID element, followed by an internal region of poly(A). In 8 of the clones, we found an identical, nonrepetitive sequence domain located at the 3' end of each molecule. An oligonucleotide of 30 residues complementary to this section identified only BC1 RNA in blot-hybridization analysis. Our results strongly suggest that BC1 RNA is transcribed specifically from the BC1 gene(s) and is not a highly heterogeneous population of IDcontaining RNA polymerase HI transcripts. Moreover, the availability of a unique BC1 RNA sequence will facilitate studies on tissue-and stage-specific gene regulation and will help in clarifying the role of this small RNA in the brain.
The rat genome contains a 75-nucleotide repetitive element termed ID (identifier sequence; ref. 1) or R.dre.1 (2) that is present in 1-1.5 x 105 dispersed copies. BC1, an abundant RNA of about 160 nucleotides, which is prevalent in the nervous system, contains sequences homologous to the ID element (1, (3) (4) (5) . It was postulated that BC1 RNA appeared in the brain cell cytoplasm as a by-product of RNA polymerase III transcription of ID sequences within introns, such transcription being necessary for the subsequent production of brain-specific heterogeneous nuclear RNAs (hnRNAs) by RNA polymerase 11 (3) (4) (5) . Recently, it has been suggested that the ID element can act as an enhancer of RNA polymerase II transcription (6) . BC1 RNA has been found in rat brain, pituitary, solar plexus (1, 3, 4) , and the gray matter of the spinal cord (H. Tiedge, R. T. Fremeau, J. L. Roberts, and J.B., unpublished data) but is absent from heart, intestine, kidney, liver, lung, muscle, spleen, and thymus (4) . However, the BC RNAs are expressed in all cultured rodent cell lines examined to date (6) . This indicates that BC1 RNA is present in the central and peripheral nervous system and that expression seems to be deregulated in some cultured cells. As shown by RNA blot analysis, detectable levels of BC1 RNA appear in the rat brain near the end of gestation, and high levels of synthesis are maintained in the adult (5) . BC2 RNA, which is a smaller and less-abundant species, shares a similar pattern of tissue distribution and developmental regulation (4, 5) . At present, the existence of a precursor-product relationship between these two RNA species of unknown function is speculative. Both BC1 and BC2 RNA are detected in RNA blots by the ID repetitive element, which contains two sequences that are highly homologous to the canonical RNA polymerase IIIsplit promoter (7, 8) . Presumably, the ID element was dispersed in the genome by retroposition of a tRNA derivative (reviewed in refs. 2 and 9).
A precedent for the transcription of a small RNA with homology to repetitive elements has been established by studies of 7SL RNA. This RNA is produced in humans by the expression of only 4 genes amongst -500 pseudogenes (10) and =500,000 related Alu sequences (11) . 7SL RNA functions in protein secretion as a component of the signal recognition particle (12) and is composed of both unique sequences and a domain that is highly repetitive in both the human and rodent genomes (13, 14) . Like the related Alu repeats, 7SL RNA is transcribed by RNA polymerase III (15) (16) (17) (18) . The RNA is well conserved in evolution (10, 19) and is thought to be the progenitor of the Alu-type I repetitive elements that are restricted to certain species (10) .
If BC1 RNA is synthesized from one or a few genes, little or no heterogeneity would be expected. Its 20 ,ug of poly(A)I RNA was tailed with CTP by using poly(A) polymerase (22) in a 0.5-ml reaction as described by Devos et al. (23) . Ten micrograms of the C-tailed RNA was converted into double-stranded cDNA by using oligo(dG) as primer in the Gubler and Hoffman procedure (24) . The cDNA was protected with EcoRI methylase (25) prior to linker attachment (5' C-C-C-G-A-A-T-T-C-G-G-G 3'). cDNA of <400 base pairs (bp) was size selected on a 4% polyacrylamide gel, electroeluted, and cloned into Xgtl0 (26) . With 25% of the packaged ligation mixture, we obtained a library of 7.5 x 105 recombinant phage. We screened 2.7 x 105 plaques with a nick-translated Sma IlAva II 175-bp fragment containing the ID repetitive element from clone p2A120 (1) . From a large number of positive clones (-3% of the library), we randomly selected 10 plaques for further characterization. EcoRI inserts ranging from -150 to 215 bp were subcloned into pUC13 (27) , and both strands were subjected to Maxam-Gilbert sequence analysis (28) .
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RNA Blots. RNA samples from three tissues were electrophoresed (see Fig. 2A ) on a 1% agarose gel containing formaldehyde (29) . RNA was transferred onto a GeneScreen membrane and immobilized by UV-irradiation (30) 
) complementary to the nonrepetitive sequence at the 3' end of BC1 RNA (see Results), including some flanking sequences, was 5'-end-labeled with [32P]ATP (29) . The filter was prehybridized for 4 hr at 42°C in a solution containing 5 x Denhardt's solution (lx = 0.02% Ficoll 400/0.02% polyvinylpyrrolidone/0.2% bovine serum albumin), 5x NaCl/Cit (lx = 0.15 M NaCl/0.015 M sodium citrate), 0.1% NaDodSO4, 50% deionized formamide, and 100 ,ug of denatured salmon sperm DNA per ml. After the addition of 7.0 x 106 cpm of probe (-2 x 108 cpm/,ug) and hybridization for 16 hr at 42°C, the filter was washed in 2x NaCl/Cit at room temperature. Two additional washes with 2x NaCI/Cit containing 1% NaDodSO4 were performed for 30 min at 55°C. The filter was rinsed at room temperature for 5 min in 0.1 x NaCl/Cit and (over)exposed at -75°C for 72 hr using an intensifying screen.
For the second RNA blot (see Fig. 3 ), total RNA was isolated from the brains of 12-week-old Sprague-Dawley rats by the guanidinium isothiocyanate/LiCl procedure (31) . Eighteen micrograms was applied to each of four lanes of a 10% polyacrylamide gel containing 7 M urea (29) . The RNA was electroblotted onto a GeneScreenPlus membrane. The membrane was cut into halves and probed with either the ID portion or the BC1 oligonucleotide. Hybridizations and washing conditions were performed as described above. Autoradiography was performed at -75°C for 48 hr (inner lanes) or 1 week (outer lanes) with intensifying screen.
RESULTS
We assumed that the structure of BC1 RNA was such that the ID sequence would be located at the 5' end because this repetitive element contains an RNA polymerase III promoter that is functional in vitro (4). We did not know, however, whether the A-rich region was in the center or at the 3' end of the RNA. Consequently, priming the first-strand cDNA synthesis in the middle of the molecule was avoided by adding oligo(dC) to the 3' end of polyadenylylated brain RNA and constructing a cDNA library after priming with oligo(dG).
By probing our cDNA library with a DNA fragment containing the ID element, we identified a large number of positive clones, a result consistent with the abundance of BC1 RNA (on average, -2000 molecules per cell; ref. 4 ) and the fact that we selected for small cDNA inserts. Ten clones were chosen at random for further characterization by sequence analysis. The primary structure of BC1 RNA possesses three domains: the 5' ID domain, the central A-rich domain, and the 3' BC1-specific domain (Fig. 1) . The ID element represents approximately the 5' half of each clone. The cDNAs are probably not of full length, lacking eight nucleotides from the ID consensus sequence (5), which coincides with the in vitro start site of RNA polymerase III-directed transcription of the ID template (4). The central A-rich domain consists of a long poly(A) stretch residues varying between the cDNA clones); a 20-nucleotidelong A-rich region that also contains guanosine, cytidine, and uridine residues; and a second oligo(A) stretch (9-17 residues). The central domain is followed by an unusual sequence domain of 23 nucleotides preceding 2-4 thymidine residues at the 3' end of the cDNAs. The run of thymidylic acid residues could represent part of the RNA polymerase III transcription termination signal (32) .
With the exception of the length heterogeneity of the two homopolymeric poly(A) regions of the central domain, 8 of 10 clones possessed identical sequences in all three domains, including the middle A-rich region. Length variation in the stretches of adenosine residues could reflect the presence of multiple genes or merely the result of infidelity during cDNA synthesis (33) or errors during vector replication. Analysis of genomic clones (unpublished results) supported one of the latter explanations. In contrast to the sequence variations amongst the repeated ID elements in the genome, the ID domain of BC1 RNA shares perfect homology in all but one clone. This clone (pBC1-2) has two permutations in the cloned ID domain (positions 41 and 46) and possesses a different sequence at the 3' end. pBC1-2 might represent part of an RNA polymerase IL transcript containing an ID element, a cloning artifact, or, less likely, an additional BC1-related RNA (e.g., BC2 RNA).
Based on the nonrepetitive sequence of BC1 cDNAs, we designed a complementary oligonucleotide to assess its hybridization specificity in RNA blot analyses. This probe identified (as would a probe containing the repetitive ID element) a small RNA that is present in the brain and is highly enriched in the poly(A)' fraction, whereas no signal was detected in the fractions of liver and kidney RNA, even in overexposed autoradiograms (Fig. 2) . The unique BC1 probe did not give rise to the additional smear oflarger RNA species seen when the ID-containing probe was hybridized to brain polysomal poly(A)+ RNA (Fig. 2B) or to RNA derived from other tissues (34) (35) (36) (Fig. 3) . The RNA exhibited some size heterogeneity in both cases. The two slightly slower migrating bands of weaker intensity could reflect possible length heterogeneity of the molecule in the central A-rich domain (products of multiple genes?) or different denaturation states of BC1 RNA. It is evident from this blot that the BC1 oligonucleotide recognized only its corresponding RNA, whereas the ID probe again detected other RNA molecules (seen as a smear) presumably containing the repetitive element. We did not detect the shorter BC2 RNA with the ID probe, possibly because this RNA class may be a degradation product of BC1 RNA. An alternative explanation, that BC2 RNA was lost during the LiCl precipitation step of RNA preparation cannot be excluded. Recoveries of smaller RNAs are not quantitative by this method (31) , and the BC2 RNA is ofrelatively low abundance (4, 5). However, with the ID probe, but not with the BC1 probe, an additional RNA species in the tRNA size range was detected upon longer exposure (Fig. 3, right ID  lane) . This RNA could correspond to the recently described B3 RNA (36) , represent a processed ID core structure (38) as B3 RNA may itself, or may reflect cross-hybridization to tRNAs that are homologous to the ID domain of BC1 RNA (39) (40) (41) .
DISCUSSION
The focus of our experiments has been to determine whether BC1 RNA represents a highly heterogeneous by-product of ID-mediated gene expression or a more homogeneous population of transcripts from one or more genes. Eight of 10 clones that were isolated from an unamplified cDNA library were virtually identical, strongly supporting the second hypothesis. This second hypothesis is also supported by the isolation of only a small number of positive clones upon screening a rat genomic library (250,000 plaques) with the BC1-specific oligonucleotide probe and by the detection of only one major band per digest in a genomic Southern blot using the same probe (unpublished data). These results do not exclude the existence of a smaller, more heterogeneous population of BC1-related transcripts.
Our interpretation that BC1 RNA is transcribed from one or a few BC1 genes rather than from many ID repeats is in agreement with the observation that the level of ID-homologous heteronuclear RNA transcripts varies across rodent species [differences of up to an order of magnitude (34, 35, 42) in parallel with the number of ID elements (35)], while the level of BC1 RNA transcripts remains constant (35) . In addition, the detection of comparable levels of ID-homologous heteronuclear RNAs in rat brain, liver, kidney, and muscle calls into question the role of the repetitive ID element in brain-specific expression of RNA polymerase II transcripts (34) (35) (36) 42) .
What mechanisms might be responsible for the brainspecific transcription of BC1 RNA? The putative RNA polymerase III promoter region within the ID domain of the BC1 sequence, while not perfectly matching any known tRNA promoter (43, 44) , has strong homology to the consensus sequences (7, 8) 
